Prions are misfolded proteins that are infectious and naturally transmitted, causing a fatal 50 neurological disease in humans and animals. Prion shedding routes have been shown to be 51 modified by inflammation in excretory organs such as kidney. Here we show that sheep with 52 scrapie and lentiviral mastitis secrete prions into the milk and infect nearly 90% of suckling 53 naive lambs. Thus lentiviruses may enhance prion transmission, conceivably sustaining prion 54 infections in flocks for generations. This study also indicates a risk of prion spread to sheep 55 and potentially to other animals through dietary exposure to pooled sheep milk or milk 56 products. 57 3 Prion diseases have emerged globally as a significant threat to human and animal health. 61
Recently human to human spread of prions is believed to have occurred through blood 62 transfusions (9, 12, 16 ) underscoring the importance of understanding possible transmission 63
routes. PrP
Sc , a misfolded, aggregated form of the normal prion protein, PrP C , accumulates in 64 the lymph nodes and spleen during the earliest stages of disease, before entering the central 65 nervous system in certain prion diseases (2, 11, 14) . Inflammation can cause lymphoid follicles 66 to form in other organs, such as liver and kidney, which accordingly leads to prion invasion of 67 organs that are not typically prion permissive (1) . In mice, prion infection in the inflamed kidney 68 has the untoward consequence of prion excretion in urine (13). This finding, together with our 69 report of sheep with PrP Sc in the inflamed mammary gland (8), has raised concerns of prion 70 secretion into milk. 71
Here we investigated whether PrP Sc in the inflamed mammary gland leads to prion secretion in 72 milk and infection of naïve lambs through suckling. Prion infectivity has been detected in milk 73 of sheep expressing a prion gene (Prnp) coding for VRQ/VRQ or VRQ/ARQ at polymorphic 74 codons 136, 154, and 171 (3, 4). However, whether sheep to lamb transmission of prions in 75 milk leads to clinical signs of prion disease, or whether sheep with the common ARQ/ARQ 76 Prnp genotype can transmit prions to lambs through milk is unknown. We induced a chronic 77 lentiviral mastitis and inoculated ARQ/ARQ Sarda breed sheep with infectious prions. After 78 fourteen months, we bred the sheep and collected the milk. To avoid cross-contamination of 79 newborn lambs, we fed the milk to imported known naïve lambs, and then monitored the lambs 80 for signs of prion infection (Fig. 1A) . 81
To induce a chronic lymphofollicular mastitis, we exposed 7-10 days old lambs (groups of 82 n=10) by intratracheal and intravenous routes to a common sheep lentivirus known as maedi- (Fig. 1C) , and three had a diffuse interacinar lymphoid infiltrate. Of the 110 5 sheep with lymphofollicular mastitis, 4 had PrP Sc deposits detectable by IHC and WB assays 111 (Fig. 1C-D) , whereas no sheep with diffuse lymphoid infiltrates had detectable PrP Sc . 112 Surprisingly, 2 of 9 sheep inoculated only with scrapie also had anti-MVV antibodies and a 113 lymphofollicular mastitis, one of which had visible PrP Sc deposits. MVV is a common pathogen 114 in Europe and it is possible that these sheep were infected from the dam. The remaining 7 115 scrapie-inoculated sheep had histologically normal mammary glands (Fig. 1C) and no 116 detectable PrP Sc (Fig. 1D ) or anti-MVV antibodies. 117
We selected the stored milk from the 4 MVV/scrapie-infected sheep with PrP Sc in the 118 mammary glands, and from the 7 scrapie-infected sheep with histologically normal mammary 119 glands. Milk samples from early, middle, and late stages of lactation were pooled for each 120 group. We imported naïve Cheviot lambs (n=9) from flocks that originated from scrapie-free 121 New Zealand, and had been bred and housed under strict biosecurity containment in the 122 United Kingdom to ensure that the lambs had not been exposed to scrapie. The Sarda lambs 123 (n=4) originated from a scrapie-free flock in Sardinia. We then fed ad libitum pooled milk from 124 the MVV/scrapie-infected sheep to each of 8 ARQ/ARQ naïve lambs, and from scrapie-125 infected sheep to 3 ARQ/ARQ naïve lambs. Each lamb ingested a total volume of 1 -2 L over 126 a total period of 3 days (Table 1) . Two lambs were orally inoculated with brain homogenate 127 6 pooled from the scrapie-infected milk donors as positive controls. Groups of lambs were 128 housed in separate stalls and subjected to isolation conditions. 129
Of the 8 lambs fed milk from MVV/scrapie infected sheep, 1 was sacrificed early and 4 130 developed clinical signs of scrapie at 23 to 28 months PI ( Table 1 
